Parasegetibacter terrae sp. nov., isolated from paddy soil and emended description of the genus Parasegetibacter
A Gram-stain-negative, variably shaped, non-flagellated, yellow-pigmented, aerobic bacterium, designated strain SGM2-10 T , was isolated from a paddy soil sample from the Suwon region, South Korea. Phylogenetic analysis based on 16S rRNA gene sequences indicated that the isolate was related most closely to Parasegetibacter luojiensis RHYL-37 The major fatty acids of strain SGM2-10 T were iso-C 15 : 0 , iso-C 15 : 1 G and iso-C 17 : 0 3-OH. The only menaquinone was MK-7. The polar lipids comprised phosphatidylethanolamine, seven unknown lipids and ten unknown aminolipids. The G+C content of the DNA of strain SGM2-10 T was 46.7 mol%. On the basis of the results of the polyphasic characterization presented in this study, it is concluded that strain SGM2-10 T represents a novel species of the genus Parasegetibacter, for which the name Parasegetibacter terrae sp. nov. is proposed. The type strain is SGM2-10 T (5KACC 17341 T 5JCM 19942 T ). The description of the genus Parasegetibacter has also been emended.
The genus Parasegetibacter was proposed for one bacterial strain isolated from soil (Zhang et al., 2009) . It was characterized as Gram-stain-negative, aerobic, non-sporeforming rods. Its major respiratory quinone is MK-7, and the predominant fatty acids are iso-C 15 : 0 , iso-C 17 : 0 3-OH, iso-C 15 : 1 and C 16 : 0 . It can be differentiated from other members of the family Chitinophagaceae within the phylum Bacteroidetes such as Segetibacter, Niastella, Terrimonas, Flavisolibacter, Chitinophaga and Niabella on the basis of some physiological properties, fatty acid composition and 16S rRNA gene sequence variation.
We isolated one bacteria strain, SGM2-10 T , from paddy soil in Suwon, Republic of Korea, using the standard dilution-plating technique on R2A agar (BD) at 28 u C for 6 days. The isolate was maintained at 280 u C as a suspension in R2A broth supplemented with 20 % glycerol.
Morphological observation under light microscopy (AXIO; Zeiss) and transmission electron microscopy (LEO model 912AB) was performed on a culture grown on R2A agar at 28 u C for 2 days. Gram staining was tested with the Difco Gram staining kit according to the manufacturer's instructions. Catalase and oxidase were checked by bubble production in 3 % (v/v) hydrogen peroxide solution and colour change in 1 % (w/v) tetramethyl-p-phenylenediamine (bioMérieux), respectively. Hydrolysis tests were conducted using R2A medium supplemented with casein (5 %, w/v), chitin (1 %, w/v), CM-cellulose (1 %, w/v), hypoxanthine (0.5 %, w/v), starch (1 %, w/v), Tween 80 (1 %, w/v), tyrosine (0.1 %, w/v) or xanthine (0.5 %, w/v). A DNase test was conducted with DNase test agar (Difco).
The growth temperature range was tested at 4, 10, 15, 20, 25, 28, 30, 35, 37, 40 and 45 u C. The pH range for growth was determined from pH 4.0 to 10.0 in steps of 1.0 pH unit in R2A broth buffered and adjusted with phosphate buffer, Tris/HCl buffer, HCl or NaOH (Breznak & Costilow, 1994) . NaCl tolerance was investigated by using R2A broth lacking NaCl or supplemented with 1, 2, 3, 4 and 5 % (w/v) NaCl. The presence of flexirubin-type pigments was determined by the bathochromatic shift test with 20 % (w/v) KOH solution. Other biochemical tests were carried out on API 20NE, API ID 32GN and API ZYM strips (bioMérieux) according to the manufacturer's instructions. API 20NE and API ID 32GN test results were recorded after incubation for 7 days at 28 u C and API ZYM test results were checked after 4 h at 37 u C.
Strain SGM2-10
T was Gram-stain-negative, non-flagellated, and catalase-and oxidase-positive. Cell morphology was variable, with straight or curved rods (0.4-0.661.4-3.2 mm), short rods (0.6-0.861.1-1.3 mm) or cocci (0.7-0.9 mm) being observed (Fig. S1 , available in the online Supplementary Material). Colonies were round, convex and yellow. Differential characteristics between strain SGM2-10 T and Parasegetibacter luojiensis CCTCC AB 208240 T were observed regarding growth conditions, hydrolysis and assimilation of several substrates, enzyme activities and DNA G+C content ( Table 1 ).
The 16S rRNA gene of strain SGM2-10 T was amplified with the universal primers 9F and 1512R (Weisburg et al., 1991) . Amplified products were sequenced using primers 27F, 1492R (Weisburg et al., 1991) , 518R (59-GTATTACCGC-GGCTGCTGG-39) and 785F (59-GGATTAGATACCCT-GGTA-39) by Genotech (Daejeon, Republic of Korea). The nearly full-length sequence of strain SGM2-10 T (1462 bp) was obtained. The sequences of its nearest phylogenetic relatives were retrieved from the EzTaxon-e server (Kim et al., 2012) , and 16S rRNA gene sequence similarities between strain SGM2-10 T and these type strains were calculated using the EzTaxon-e server. 16S rRNA gene sequence comparisons indicated that strain SGM2-10 T was related most closely to P. luojiensis RHYL-37 T (95.1 % similarity), Flavitalea populi HY-50R T (95.0 %) and Flavitalea gansuensis JCN-23 T (94.4 %) . No other species in the family Chitinophagaceae showed more than 94.1 % 16S rRNA gene sequence similarity with strain SGM2-10 T . The retrieved sequences were aligned using the SILVA Incremental Aligner (Pruesse et al., 2012) . Phylogenetic trees were reconstructed by three tree-generating algorithms that are programmed in MEGA5 (Tamura et al., 2011) : neighbourjoining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) . The robustness of the phylogenetic trees was calculated by bootstrap analyses based on 1000 random resamplings of the sequences. Strain SGM2-10 T was Temperature range for growth ( u C) 10-40 17-37* pH range for growth 6.0-9.0 5.0-9.0* Growth with 2 % NaCl + 2* Hydrolysis of:
Trypsin + 2 a-Galactosidase S.-J. Kim and others positioned among members of the family Chitinophagaceae, and all the phylogenetic trees confirmed that strain SGM2-10 T formed a branch with P. luojiensis RHYL-37 T (Fig. 1) .
Cellular fatty acid methyl esters of strain SGM2-10 T and a reference strain, P. luojiensis CCTCC AB 208240 T , were extracted and prepared from cultures grown on R2A agar at 28 u C for 48 h to exponential phase of growth, and analysed according to the method described by the Sherlock Microbial Identification System version 6.1 (MIDI) using the TSBA6.1 database. Menaquinones and polar lipids were extracted and analysed using cells grown on R2A agar at 28 u C according to the method of Minnikin et al. (1984) . Polar lipids were examined using twodimensional TLC. Total polar lipids were detected by spraying with molybdophosphoric acid, and specific functional groups containing lipids were detected with the following spraying reagents: ninhydrin for free amino groups, molybdenum blue for phosphorus-containing lipids, a-naphthol for sugars and Dragendorff's solution for quaternary nitrogen. The G+C content of the DNA was determined by the fluorometric method (Gonzalez & Saiz-Jimenez, 2002 ) using SYBR Green 1 and a real-time PCR thermocycler (Bio-Rad). The major fatty acids (.10 %) of strain SGM2-10 T were iso-C 15 : 0 (28.6 %), iso-C 15 : 1 G (21.5 %) and iso-C 17 : 0 3-OH (14.2 %) ( Table  2 ). The fatty acid composition of strain SGM2-10 T was similar to that of P. luojiensis CCTCC AB 208240 T . However, P. luojiensis CCTCC AB 208240
T had a larger amount of C 16 : 0 and the two strains showed differences in the minor fatty acids such as iso-C 14 : 0 , C 14 : 0 , iso-C 16 : 1 G, C 17 : 1 v6c, C 16 : 0 3-OH and C 17 : 0 2-OH. The polar lipids of strain SGM2-10 T consisted of phosphatidylethanolamine, seven unknown lipids and ten unknown aminolipids (Fig.  S2) . The polar lipids for P. luojiensis were not reported. In comparison with the polar lipids of the closely related genus Flavitalea, strain SGM2-10 T had many more unknown aminolipids and lipids, and a considerable amount of one lipid that is absent in Flavitalea. The only isoprenoid quinone of strain SGM2-10 T was menaquinone 7 (MK-7), which was consistent with that of P. luojiensis CCTCC AB 208240 T (Zhang et al., 2009) . The genomic DNA G+C content of strain SGM2-10 T was 46.7 mol%, much higher than the value of 39.7 mol% reported for P. luojiensis CCTCC AB 208240 T .
On the basis of the evidence from this polyphasic taxonomic study, strain SGM2-10 T should be assigned to a novel species in the genus Parasegetibacter, for which we propose the name Parasegetibacter terrae sp. nov. An emended description of the genus Parasegetibacter is also given.
Emended description of the genus Parasegetibacter Zhang et al. 2009
The description of the genus Parasegetibacter is as given by Zhang et al. (2009) with the following modification. The G+C content of the genomic DNA is 39.7-46.7 mol%.
Description of Parasegetibacter terrae sp. nov.
Parasegetibacter terrae (ter9rae. L. gen. n. terrae of the soil).
Flavitalea populi HY-50R T (HM130561)
Flavitalea gansuensis JCN-23 T (GU295962)
Flavisolibacter ginsengiterrae Gsoil 492 T (AB267476)
Terrimonas ferruginea DSM 30193 T (AM230484) Niabella aurantiaca R-2 A15-11 T (DQ457019)
Niastella populi THYL-44 T (EU877262)
Niastella yeongjuensis GR20-13 T (DQ244076) Niastella koreensis GR20-10 T (CP003178) Parasegetibacter terrae SGM2-10 T (KJ634465)
Parasegetibacter luojiensis RHYL-37 T (EU877263)

Segetibacter koreensis Gsoil 664 T (AB267478)
Segetibacter aerophilus 6424S-61 T (GQ421847) Flavihumibacter petaseus T41 T (EU854577) Cells are Gram-stain-negative, aerobic, mesophilic, nonflagellated, variably shaped, showing straight or curved rod (0.4-0.661.4-3.2 mm), short rod (0.6-0.861.1-1.3 mm) or coccus (0.7-0.9 mm) morphologies. Colonies on R2A medium are round, convex and yellow. Catalase-and oxidase-positive. Negative for flexirubin-type pigments. Growth occurs at 10-40 u C (optimum, 28-30 u C) and at pH 6-9 (optimum, pH 7). Hydrolyses casein, DNA and tyrosine, but not CM-cellulose, hypoxanthine, starch, Tween 80 or xanthine. Positive for aesculin hydrolysis, N-acetyl-b-glucosaminidase, acid phosphatase, alkaline phosphatase, cystine arylamidase, esterase (C4), esterase lipase (C8), a-galactosidase, b-galactosidase, a-glucosidase, b-glucosidase, leucine arylamidase, a-mannosidase, naphthol-AS-BI-phosphohydrolase, trypsin and valine arylamidase, but negative for nitrate reduction, indole production, glucose fermentation, arginine dihydrolase, urease and gelatin hydrolysis, lipase (C14), a-chymotrypsin, b-glucuronidase and a-fucosidase. Assimilates N-acetylglucosamine, L-arabinose, maltose, D-glucose, glycogen, D-mannose, melibiose, L-rhamnose, D-ribose, sucrose and salicin, but not adipic acid, L-alanine, capric acid, L-fucose, L-histidine, 3-hydroxybenzoic acid, 4-hydroxybenzoic acid, inositol, itaconic acid, 2-ketogluconate, lactic acid, D-mannitol, malic acid, phenylacetic acid, potassium gluconate, potassium 3-hydroxybutyric acid, potassium 5-ketogluconate, L-proline, propionic acid, trisodium citrate, L-serine, sodium acetate, sodium malonate, D-sorbitol, suberic acid or valeric acid. The major fatty acids (.10.0 % of the total) are iso-C 15 : 0 , iso-C 15 : 1 G and iso-C 17 : 0 3-OH. The only isoprenoid quinone is MK-7. Phosphatidylethanolamine, seven unknown lipids and ten unknown aminolipids are present.
The type strain, SGM2-10 T (5KACC 17341 T 5JCM 19942 T ), was isolated from a paddy soil sample collected from the Suwon region, Republic of Korea. The DNA G+C content of the type strain is 46.7 mol%. 
